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Abstract
Background: Immune-based combination therapies have revolutionized the 
first-line treatment for advanced non-small cell lung cancer (NSCLC). However, 
for the efficacy and safety, the best treatment option is still uncertain.
Methods: We conducted a Bayesian network meta-analysis of randomized con-
trolled trials (RCTs) to evaluate first-line immune-based combination therapies 
for advanced NSCLC.
Results: Fourteen trials involving 8467 patients were included. For the pro-
grammed cell death-ligand 1 (PD-L1) expression non-selective patients, there 
were no significant differences among all the treatment modes for overall sur-
vival (OS), but the ranking profiles indicated that Immunotherapy + Immunoth
erapy + Chemotherapy (IO + IO + Chemo) was most likely to be the best mode 
(probability  =  68%). Immunotherapy  +  Immunotherapy  +  Anti-angiogenic 
therapy + Chemotherapy (IO + Anti-angio + Chemo) was significantly better 
than most other treatment modes for progression-free survival (PFS) with better 
objective response rate (ORR) and more obvious grade ≥3 treatment-related ad-
verse events (TRAEs). In PD-L1-high cohort, IO + Anti-angio + Chemo seemed 
to be the best mode for OS, PFS, and ORR according to the ranking profiles. In 
PD-L1-intermediate and PD-L1-negative cohort, IO + IO + Chemo was inclined 
to be ranked first for prolonging OS (probability  =  78%; 37%) and IO  +  Anti-
angio + Chemo was most likely to provide best PFS (probability = 96%; 100%).
Conclusion: IO + IO + Chemo has great potential to improve the OS regardless 
of histology type, especially in PD-L1-intermediate and PD-L1-negative cohort. 
IO + Anti-angio + Chemo shows great superiority in improving the short-term 
survival accompanied by increasing grade ≥3 TRAEs.
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1   |   INTRODUCTION

Lung cancer is the major cause of cancer-related mortal-
ity all over the world in the 21st century.1 Non-small cell 
lung cancer (NSCLC) is the most common type, which 
is generally diagnosed at an advanced stage.2 As for pa-
tients without sensitive gene mutations, they are unable 
to benefit from targeted therapy, making the choices of 
treatment full of passivity for them. Recently, immuno-
therapy, represented by immune checkpoint inhibitors 
(ICIs), has become a burgeoning treatment option for 
these patients and revolutionized the treatment of ad-
vanced NSCLC.3 However, the proportion of patients with 
primary response to immunotherapy is low. The overall 
response rate is 10%–20% when PD-L1  level is not con-
sidered.4 Combination therapy can generate synergistic 
effects, which will produce antitumor effects in more 
patients with ineffective monotherapy.5 Therefore, nu-
merous treatment modes of immune-based combination 
therapies have been emerging. At present, in the field 
of immune-based combination therapies for advanced 
NSCLC patients without sensitive gene mutations, the 
main modes include: Immunotherapy  +  Chemotherapy 
(IO  +  Chemo), Immunotherapy  +  Immunotherapy 
(IO + IO), Immunotherapy + Immunotherapy + Chemo
therapy (IO + IO + Chemo), and Immunotherapy + Anti-
angiogenic therapy  +  Chemotherapy (IO  +  Anti-
angio + Chemo). How to choose these modes wisely is a 
clinical puzzle.

Among IO  +  Chemo mode, 
Pembrolizumab  +  Chemotherapy (Pembro  +  Chemo) 
and Atezolizumab  +  Chemotherapy (Atezo  +  Chemo) 
have been approved in the first-line treatment for ad-
vanced NSCLC patients without sensitive gene muta-
tions according to promising results of KEYNOTE 407,6 
KEYNOTE 189,7 and IMpower 132.8 IO + IO mode is initi-
ated by Checkmate 227,9 providing a new choice of “non-
chemotherapy” for the first-line treatment for advanced 
NSCLC. No matter what the expression level of PD-L1 is, 
IO + IO mode, represented by Nivolumab + Ipilimumab 
(Nivo  +  Ipi), can achieve significant overall survival 
(OS) improvement compared with chemotherapy. On 
the basis of IO + IO mode, Checkmate 9LA10 creatively 
added two cycles of concurrent chemotherapy, form-
ing the IO  +  IO  +  Chemo mode. The results also con-
firm that this mode can bring greater survival benefit 
to patients compared with chemotherapy (median OS: 

15.6  months vs. 10.9  months, HR  =  0.66, p  =  0.02). 
IMpower15011 is the first phase III study to confirm that 
metastatic non-squamous NSCLC can significantly ben-
efit more from IO  +  Anti-angio  +  Chemo mode, repre-
sented by Atezolizumab  +  Bevacizumab  +  Chemothera
py (Atezo  +  Beva  +  Chemo), as the first-line treatment 
compared with standard Anti-angio  +  Chemo, namely 
Bevacizumab + Chemotherapy (Beva + Chemo) (median 
OS: 19.5 months vs. 14.7 months, HR = 0.80, p = 0.01). 
With the emergence of numerous immune-based com-
bination therapies better than chemotherapy-based 
treatments emerging, how to choose the best treatment 
option has been attracted more and more attentions. 
Unfortunately, there is no study on the direct compari-
sons of the above specific combination treatment modes. 
Therefore, it is still a puzzle for clinicians to choose the 
treatment mode wisely in order to bring huge therapeutic 
effects and controllable treatment-related adverse events 
(TRAEs).

There are several existing meta-analysis indirectly 
comparing the efficacy and safety of a variety of specific 
treatment regimens.12–14 However, they failed to compre-
hensively compare the differences among the above four 
treatment modes based on immunotherapy within a large 
framework. Based on the above context, we designed and 
completed this network meta-analysis to compare the ef-
ficacy and safety of existing first-line immune-based com-
bination therapies for advanced NSCLC.

2   |   MATERIALS AND METHODS

We conducted this network meta-analysis in accordance 
with the preferred reporting items for systematic reviews 
and meta-analyses (PRISMA) guidelines.15 A protocol 
was designed for this network meta-analysis and regis-
tered in the Prospective Register of Systematic Reviews 
(PROSPERO CRD42021224341).

2.1  |  Search strategy

PubMed, Embase, and the Cochrane Central Register of 
Controlled Trials were the sources of eligible randomized 
controlled trials (RCTs). We searched for studies published 
in English before 1 October 2020, using the keywords includ-
ing pembrolizumab, atezolizumab, PD-1, PD-L1, NSCLC, 

K E Y W O R D S

efficacy, immune-based combination therapies, network meta-analysis, non-small cell lung 
cancer, safety
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RCTs, etc. International conference, such as American 
Society of Clinical Oncology (ASCO), European Society 
of Medical Oncology (ESMO), American Association for 
Cancer Research (AACR), and World Conference on Lung 
Cancer (WCLC) were also taken into account to avoid the 
loss of information. The latest study with updated data was 
included when duplicate studies existed. Table S1 presents 
the detailed search strategy. Two reviewers (Z.M. and P.J.) 
set eligibility criteria and checked the studies independently.

2.2  |  Inclusion and exclusion criteria

A study was included when met all the following criteria: 
(a) histologically confirmed previously untreated NSCLC 
without sensitive gene mutations; (b) phase II/III RCTs 
with primary endpoints, such as OS, progression-free sur-
vival (PFS), or objective response rate (ORR); and (c) the 
intervention group was treated with any immune-based 
combination therapy, whereas the control group was 
treated with non-immunotherapy, such as chemotherapy 
or chemotherapy plus anti-angiogenic therapy.

The corresponding exclusion criteria were as follows: 
(a) trials involving pretreated patients; (b) designed as ob-
servational studies; (c) lack of related data; (d) published 
as meta-analysis, editorials, reviews, and case reports; and 
(e) single-arm or dosage-finding studies.

2.3  |  Data extraction and risk of 
bias assessment

Two authors (Z.M. and P.J.) reviewed the retrieved studies 
in detail and extracted data independently. The following 
items for each included trial were extracted: trial name, 
publication year, phase of trials, number and character-
istics of patients, treatments, and survival data (OS, PFS, 
ORR, and grade ≥3 TRAEs). Discrepancies were adjudi-
cated by a superior investigator (H.G.).

The Cochrane Risk of Bias Tool16 was adopted by two 
independent authors (Y.Z. and Y.L.) to assess the quality of 
included studies. Following items were assessed: random 
sequence generation, allocation concealment, blinding 
of participants and personnel, blinding of outcome as-
sessment, incomplete outcome data, selective outcome 
reporting, and other sources of bias. Discrepancies were 
resolved via discussion among all researchers.

2.4  |  Statistical analysis

In this study, we combined all the direct and indirect 
evidence to compare the efficacy and safety of different 

treatment modes and regimens. Hazard ratios (HRs) 
were reported for OS and PFS and odds ratios (ORs) were 
reported for ORR and grade ≥3  TRAEs with the corre-
sponding 95% confidence interval (CI). OS and PFS were 
primary outcomes. Secondary outcomes were ORR and 
grade ≥3 TRAEs.

In STATA (version 14), we conducted network plots 
of both treatment modes and treatment regimens to clar-
ify relationship of direct comparisons and indirect com-
parisons among these treatment options in the included 
studies.

For Bayesian network-meta analysis (NMA), Win 
BUGS (version 14) and gemtc (version 0.14.3) were ap-
plied to pool indirect evidence of OS, PFS, ORR, and 
grade ≥3  TRAEs in fixed-effect model. We used non-
informative uniform and normal prior distributions to 
fit the model. For OS and PFS effects, three chains and 
150,000 sample iterations were generated with 100,000 
burn-ins and a thinning interval of 10. For ORR and 
grade ≥3  TRAEs, 50,000  sample iterations were gener-
ated with 20,000 burn-ins and a thinning interval of 10. 
Moreover, we identified the probability of each treat-
ment options to be ranked the first. The ranking profile 
was used to provide a simple treatment rankings. For 
each outcome, the probability equaled 1 if the treatment 
was certain to be ranked the first and 0 if it was certain 
to be to be ranked the last.

For traditional meta-analysis, direct evidence was 
pooled in pair-wise meta-analysis (PWMA) using RevMan 
(version 5.4). The χ2 test and I2 statistic were applied to es-
timate heterogeneity. If p < 0.10 for the χ2 test or I2 > 50%, 
we recognized heterogeneity was great. The random ef-
fects model was adopted for potential heterogeneity in 
these studies.

3   |   RESULTS

3.1  |  Eligible studies and characteristics

We identified 2596 records through the initial search 
strategy. The detail of the search criteria is shown in 
Table  S1. Eventually, a total of 14 trials6,8–11,17–25 were 
included, with 9454 participants enrolled. The detail of 
the selection process is shown in Figure 1. These origi-
nal studies were published in well-known journals or 
international conferences. Among these trials, only 
Checkmate 227 included part 1 and part 2. The networks 
are presented in Figure 2. The characteristics of all in-
cluded studies are listed in Table 1, and some additional 
information is presented in Table 2. The Cochrane Risk 
of Bias Tool for bias assessment of included studies is 
shown in Figure S1.
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3.2  |  Primary outcomes

3.2.1  |  Efficacy and safety of treatment 
modes in the whole population

The results of indirect comparisons of treatment modes 
are presented in Figure 3A. For PFS, the other three treat-
ment modes were inferior to IO + Anti-angio + Chemo (HR 
range: 1.56–1.93), which were in accordance with the results 
of Bayesian ranking profiles (Figure  3B) that IO  +  Anti-
angio + Chemo was most likely to the best treatment mode 
for PFS (probability  =  99%). From the perspective of OS, 
there seemed to be no significant differences among the 
treatment modes, but the ranking profiles (Figure 3B) indi-
cated that IO + IO + Chemo was most likely to be the best 

mode for increasing OS (probability = 68%). For ORR and 
grade ≥3 TRAEs, no significant differences were detected in 
these modes. The ranking profiles (Figure 3B) indicated that 
IO + Anti-angio + Chemo had the highest opportunity to 
benefit ORR and confront grade ≥3 TRAEs among all treat-
ment modes (probability = 58%; 77%). The detailed probabil-
ity distribution of ranking is shown in Table S2.

3.2.2  |  Efficacy and safety of treatment 
regimens in the whole population

We also made an analysis of the treatment regimens for the 
whole population. For OS (Figure 4), Pembro + Chemo, 
Nivo + Ipi, and Nivolumab + Ipilimumab + Chemother

F I G U R E  1   Flow chart of study 
selection. Based on the inclusion and 
exclusion criteria, 14 trials were included 
in this study

2596 Studies identified in search 
966 From PubMed 
813 From Cochrane 
785 From EMBASE 
32 From other sources 

1704 Studies screened for eligibility 
using titles and abstracts 

892 Duplicates excluded

1674 Studies Excluded 
962 Irrelevant topic 
310 Nontrial report 
173 Single-group study 
68 Not first-line treatment 
97 Reviews or meta-analysis 
64 Others 

30 Assessed for eligibility

16 Studies Excluded 
4 Insufficient data 

12 Conference abstract (duplicates) 

14 Trials included in meta-analysis
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apy (Nivo  +  Ipi  +  Chemo) performed significantly bet-
ter OS than Ipilimumab + Chemotherapy (Ipi + Chemo). 
Moreover, Pembro  +  Chemo and Nivo  +  Ipi  +  Chemo 
were both superior to Nivo + Ipi significantly and no sig-
nificant difference was found between Pembro + Chemo 
and Nivo + Ipi + Chemo. But from the ranking profiles 
(Figure  S2), we found that Pembro  +  Chemo was most 
likely to be the best regimen (probability = 39%).

For PFS (Figure  4), no significant difference 
was found between Atezo  +  Beva  +  Chemo and 
Nivo + Beva + Chemo in IO + Anti-angio + Chemo mode 
and both of them showed significantly greater survival 
improvement compared with most other regimens ex-
cept Pembro + Chemo, Camrelizumab + Chemotherapy 
(Carem  +  Chemo), and Tislelizumab  +  Chemotherapy 
(Tisle  +  Chemo). The ranking profiles (Figure  S2) indi-
cated Nivo + Beva + Chemo had the highest chance to be 
ranked first in improving PFS (probability = 58%).

In the matter of ORR (Figure  4), Pembro  +  Chemo, 
Nivo + Chemo, Tisle + Chemo, and Atezo + Beva + Chemo 
were significantly superior to Ipi + Chemo in different de-
grees. Besides, Pembro + Chemo performed significantly 
better than Nivo + Ipi (OR = 2.26, 95% CI: 1.06–5.07) ex-
clusively. As shown in the ranking profiles (Figure  S2), 
Atezo + Beva + Chemo was most likely to be ranked first 
to offer best ORR (probability = 43%).

For grade ≥3  TRAEs (Figure  4), Atezo  +  Chemo, 
Carem + Chemo, Ipi + Chemo, Nivo + Beva + Chemo, 
and Atezo  +  Beva  +  Chemo tended to increase tolera-
bility compared to Nivo  +  Ipi significantly. The rank-
ing profiles (Figure  S2) indicated that Nivo  +  Ipi was 
probably the least toxic regimen (probability  =  45%) 

and Atezo  +  Beva  +  Chemo had a potential to cause 
more toxicity than other regimens (probability  =  65%). 
Besides, Pembro  +  Chemo was significantly safer than 
Carem  +  Chemo (OR  =  0.48, 95% CI: 0.27–0.96) and 
Atezo + Beva + Chemo (OR = 0.33, 95% CI: 0.16–0.75).

The detailed probability distribution of ranking about 
efficacy and safety of treatment regimens in the whole 
population is shown in Table S3.

3.3  |  Subgroup analysis

3.3.1  |  Efficacy analysis of treatment modes 
according to PD-L1 expression

PD-L1-high cohort
In terms of OS (Figure  5A), no significant differences 
were detected among these four treatment modes. From 
the angle of PFS (Figure 5A), IO + Anti-angio + Chemo 
performed significantly better than IO  +  IO and other 
differences were not detected among these modes. For 
ORR (Figure  5A), both IO  +  Chemo and IO  +  Anti-
angio  +  Chemo showed significantly higher ORR than 
IO + IO. We found IO + Anti-angio + Chemo was most 
likely to be ranked first for OS, PFS, and ORR (probabil-
ity = 58%; 94%; 81%) in PD-L1-high cohort according to 
the ranking profiles (Figure S3). The detailed probability 
distribution of ranking is shown in Table S4a.

PD-L1-intermediate cohort
There were no significant differences in these compara-
ble treatment modes for OS, PFS, and ORR (Figure 5B). 

F I G U R E  2   Network structure for all the included trials. Network structure according to (A) treatment modes and (B) treatment 
regimens. Each circular node represents a treatment type (dark blue represents the main object for analysis of study and light blue 
represents the object that is only used for transmission and not for main analysis). The circle size is proportional to the total number of 
patients. The width of solid lines is proportional to the number of studies performing head-to-head comparisons in the same study. The 
dotted lines represent indirect comparisons. Anti-angio + Chemo, Anti-angiogenic therapy + Chemotherapy; Chemo, Chemotherapy; 
IO + Anti-angio + Chemo, Immunotherapy + Anti-angiogenic therapy + Chemotherapy; IO + Chemo, Immunotherapy + Chemotherapy; 
IO + IO, Immunotherapy + Immunotherapy; IO + IO + Chemo, Immunotherapy + Immunotherapy + Chemotherapy

(A) (B)
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According to Bayesian ranking profiles (Figure  S4), 
we found that IO + IO + Chemo tended to be the most 
preferable mode for OS (probability = 78%), IO + Anti-
angio + Chemo was most likely to be ranked first for PFS 
(probability  =  96%) and ORR (probability  =  95%). The 
detailed probability distribution of ranking is shown in 
Table S4b.

PD-L1-negative cohort
In terms of OS and ORR (Figure 5C), no significant dif-
ferences were detected among these comparable treat-
ment modes. From the ranking profiles (Figure  S5), 
we found that IO  +  IO  +  Chemo and IO  +  Anti-
angio + Chemo had the highest possibility to increase 
OS (probability  =  37%) and ORR (probability  =  83%), 
respectively. For PFS (Figure  5C), IO  +  Chemo and 
IO  +  IO were inferior to IO  +  Chemo  +  Antiangio 
(HR  =  1.60, 95% CI: 1.21–2.12; HR  =  1.71, 95% CI: 
1.16–2.51). Bayesian ranking profiles (Figure  S5) sug-
gested that IO  +  Chemo  +  Antiangio was most likely 
to be ranked first for PFS (probability = 100%). The de-
tailed probability distribution of ranking is shown in 
Table S4c.

3.3.2  |  Efficacy analysis of treatment modes 
according to histology

Non-squamous cohort
In terms of PFS (Figure 6A), IO + Anti-angio + Chemo 
was superior to IO  +  Chemo significantly. Bayesian 
ranking profiles (Figure S6) indicated that IO + Anti-
angio + Chemo was most likely to be ranked first for 
PFS (probability = 95%). For OS and ORR (Figure 6A), 
there were no significant differences among these 
comparable treatment modes. Bayesian ranking pro-
files (Figure S6) suggested that IO + IO + Chemo was 
most likely to be ranked first to offer best OS (probabil-
ity = 46%) and IO + Anti-angio + Chemo tended to be 
ranked first to increase ORR (probability = 98%). The 
detailed probability distribution of ranking is shown in 
Table S5a.

Squamous cohort
In these comparable treatment modes, IO  +  IO and 
IO + IO + Chemo performed better OS (Figure 6B) than 
IO  +  Chemo significantly. Because of limitations of 
the included studies, we failed to get the PFS and ORR 
comparison results of each treatment mode. Bayesian 
ranking profiles (Figure S7) indicated that IO +  IO and 
IO + IO + Chemo displayed same chance to be the op-
timal mode (probability = 50%). The detailed probability 
distribution of ranking is shown in Table S5b.

3.4  |  Heterogeneity and 
inconsistency assessment

Two feasible pair-wise comparisons of forest plots with 
heterogeneity estimates are generated in Figures S8 and 
S9. Our evaluation showed that minimal (I2 = 0%) or low 
heterogeneity was detected in all comparisons regarding 
OS and PFS in the whole population. Moreover, Figures S8 
and S9 indicate that direct and indirect evidence were 
consistent, namely the estimates of PWMA were in con-
cordance with that of NMA.

3.5  |  Sensitivity analysis

To assure the robustness and reliability of results, we con-
ducted sensitivity analysis by removing studies with dif-
ferent study design with others. Given Ipi + Chemo is the 
only cytotoxic T-lymphocyte-associated protein 4 (CTLA-
4) inhibitor combined with chemotherapy in IO + Chemo 
mode, so we excluded this regimen to perform further 
analysis. Results of excluding Ipi + Chemo did not show 
obvious deviations compared with the original network 
meta-analysis, probability of ranking was highly consist-
ent (Figure S10).

4   |   DISCUSSION

Immune-based combination therapies have been explored 
as first-line treatment for advanced NSCLC patients. 
However, there is lack of systematic comparison among 
existing treatment modes. Our study provided a gauge to 
fill this gap and promote scientific practice of immune-
based combination therapies in advanced NSCLC. In this 
study, we found IO +IO + Chemo appears to be the best 
mode to improve OS and IO +Chemo + Antiangio may be 
the best possible mode for PFS and ORR with increasing 
TRAEs in general.

The combination of chemotherapy and immuno-
therapy is a pioneer in the era of immune-based com-
bination therapies. The addition of chemotherapy to 
immunotherapy leads to the immunogenic death (ICD) 
of lung cancer cells to promote the antitumor immune 
response, increase the presentation of tumor antigen, 
and improve the immunogenicity.26 The combination of 
CTLA-4 and PD-1 inhibitor can fully release the killing 
function of T cells and avoid the phenomenon of tumor 
escape in the initial stage of immunity and immune re-
sponse stage.27 Based on the above, IO + IO + Chemo 
has a comprehensive antitumor effect and it can bring 
long-term survival benefit. In terms of the indistinctive 
improvement in PFS and ORR of IO  +  IO  +  Chemo 
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mode in our study, the possible explanation is that the 
failure of quick effect may be related to the delayed 
immune response, or to pseudoprogression, defined as 
of volume of tumor increasing caused by immune in-
filtration rather than tumor growth.28 Similar results 
that delayed benefit of immunotherapy were found in 
the treatment of melanoma with ipilimumab and renal 
cancer with nivolumab in some studies.29–31 It should 
be noted that ipilimumab and nivolumab are exactly the 
drugs used in IO + IO + Chemo mode. Notably, CCTG 
BR-34 trial32 reported Durvalumab  +  Tremelimuma
b  +  Chemotherapy extended median PFS (7.7  months 
vs. 3.2  months, HR  =  0.67, p  =  0.0035) and improved 
ORR (27.7% vs. 14.1%, p  =  0.001) in comparison with 
Durvalumab  +  Tremelimumab, but there was no sig-
nificant difference in OS (16.6 months vs. 14.1 months, 
HR  =  0.88, p  =  0.46). Therefore, we expect more evi-
dence of survival benefits of treatment regimens belong-
ing to IO + IO + Chemo mode.

Compared with other modes, IO  +  Anti-
angio  +  Chemo mode performed greater advantages in 
improving the short-term survival, namely PFS and ORR. 
Anti-angio  +  Chemo has become the first-line treat-
ment for advanced non-squamous NSCLC without sen-
sitive gene mutations.33 Immunotherapy has synergistic 

effect not only with chemotherapy, but also with anti-
angiogenic therapy. Anti-angiogenic drugs can promote 
vascular normalization by acting on immature blood 
vessels to reduce the activity of immunosuppressive cells 
such as myeloid-derived suppressor cells (MDSCs), regu-
latory T cells (Tregs) which can reshape tumor microen-
vironment (TME). By blocking the inhibition of dendritic 
cell maturation mediated by vascular endothelial growth 
factor (VEGF), T cells can be activated more effectively. In 
addition, normalization of tumor vascular structure can 
promote the invasion of cytotoxic T lymphocytes (CTLs) 
into tumor.34 So IO + Anti-angio + Chemo can take into 
account the antitumor effect from comprehensive aspects. 
However, we should pay attention to the significant ad-
verse reactions associated with IO + Anti-angio + Chemo 
according to the ranking profiles, which may explain why 
this mode cannot achieve significant long-term survival 
benefit. In addition, there is short evidence of long-term 
benefit from combination of anti-angiogenic therapy and 
chemotherapy, while a lot of evidence have confirmed that 
immunotherapy can bring long-term survival to patients. 
Therefore, compared with IO + IO + Chemo mode, the 
immune intensity of IO + Anti-angio + Chemo mode is 
low, which may also be the reason for its lower long-term 
survival rate. This mode may be able to be recommended 

F I G U R E  3   Efficacy and safety for treatment modes for the whole population. (A) Pooled estimates of the network meta-analysis. 
Hazard ratios less than 1 and odds ratios more than 1 favor the former treatment. Significant results are in bold. (B) Bayesian ranking 
profiles of comparable treatment modes on efficacy and safety. Profiles indicate the probability of each comparable treatment being ranked 
from first to last on overall survival, progression-free survival, objective response rate, and Grade ≥3 adverse events. We did not show the 
analysis for Anti-angio + Chemo and Chemo. Anti-angio + Chemo, Anti-angiogenic therapy + Chemotherapy; Chemo, Chemotherapy; 
IO + Anti-angio + Chemo, Immunotherapy + Anti-angiogenic therapy + Chemotherapy; IO + Chemo, Immunotherapy + Chemotherapy; 
IO + IO, Immunotherapy + Immunotherapy; IO + IO + Chemo, Immunotherapy + Immunotherapy + Chemotherapy
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FIGURE 4  Efficacy and safety for treatment regimens for the whole population. Pooled estimates of the network meta-analysis. 
Hazard ratios less than 1 and odds ratios more than 1 favor the former treatment. Significant results are in bold. We did not show 
the analysis results for Beva + Chemo and Chemo. Atezo + Beva + Chemo, Atezolizumab + Bevacizumab + Chemotherapy; Carem 
+ Chemo, Camrelizumab + Chemotherapy; Ipi + Chemo, Ipilimumab + Chemotherapy; Nivo + Beva + Chemo, Nivolumab + 
Bevacizumab + Chemotherapy; Nivo + Ipi, Nivolumab + Ipilimumab; Nivo + Ipi + Chemo, Nivolumab + Ipilimumab + Chemotherapy; 
Pembro + Chemo, Pembrolizumab + Chemotherapy; Tisle + Chemo, Tislelizumab + Chemotherapy
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F I G U R E  6   Pooled estimates of the network meta-analysis according to PD-L1 expression. (A) Non-squamous cohort and (B) squamous 
cohort. Hazard ratios less than 1 and odds ratios more than 1 favor the former treatment. Significant results are in bold. We did not show 
the analysis for Anti-angio + Chemo and Chemo. IO + Anti-angio + Chemo; Immunotherapy + Anti-angiogenic therapy + Chemotherapy; 
IO + Chemo; Immunotherapy + Chemotherapy; IO + IO; Immunotherapy + Immunotherapy; IO + IO + Chemo; 
Immunotherapy + Immunotherapy + Chemotherapy.
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F I G U R E  5   Pooled estimates of the network meta-analysis according to histology. (A) PD-L1-high, (B) PD-L1-intermediate, and 
(C) PD-L1-negative cohort. Hazard ratios less than 1 and odds ratios more than 1 favor the former treatment. Significant results are 
in bold. We did not show the analysis for Anti-angio + Chemo and Chemo. IO + Anti-angio + Chemo; Immunotherapy + Anti-
angiogenic therapy + Chemotherapy; IO + Chemo, Immunotherapy + Chemotherapy; IO + IO; Immunotherapy + Immunotherapy; 
IO + IO + Chemo; Immunotherapy + Immunotherapy + Chemotherapy
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in neoadjuvant therapy to achieve the effect of rapid 
phase-down and tumor shrinkage and strive for more sur-
gical opportunities for resectable NSCLC.

In the process of immunotherapy, efficacy and adverse 
reactions often occur together. Among all the adverse reac-
tions, immune-related adverse events (irAEs) are the most 
concerned. Because Chemo and Anti-angio  +  Chemo 
could not transmit the comparison of irAEs in the network 
and some of the trials did not report irAEs, so we failed 
to include irAEs in the outcome analysis. But it is worth 
noting that among all treatment options of immunother-
apy, combination of CTLA-4 and PD-1 inhibitor is most 
likely to cause irAEs, with an incidence of 55%–60%.35 On 
the other hand, many studies reported that development 
of irAEs predicted better outcomes in the process of im-
munotherapy.36,37 Therefore, this can partly explain why 
IO + IO + Chemo was most likely to the best mode to im-
prove OS. At present, irAEs of IO + Anti-angio + Chemo 
mode in the real world remain to be studied, but it can 
be inferred from our research results that the incidence 
irAEs of IO + Anti-angio + Chemo may be low and ad-
verse reactions not related to immune may be dominant 
which cannot improve the long-term survival.

Current evidence is inclined to demonstrate that there 
exists benefits to apply ICIs according to PD-L1 expres-
sion,38 so we performed a detailed subgroup analysis ac-
cording to PD-L1 expression. IO + IO + Chemo was most 
likely to the best mode to prolong OS except in PD-L1-high 
cohort, in which IO  +  Anti-angio  +  Chemo mode was 
most likely to be ranked first to offer best OS. Consistent 
with the whole population, IO  +  Anti-angio  +  Chemo 
mode tended to achieve better PFS and ORR than other 
treatment modes with quite obvious grade ≥3 TRAEs in 
all subgroups. This result suggests that without consider-
ing the adverse reactions, IO + Anti-angio + Chemo may 
be a wise choice to improve OS, PFS, and ORR of first-
line treatment for PD-L1-high advanced NSCLC patients. 
Furthermore, in some studies of kidney cancer and gastric 
cancer, IO + Anti-angio + Chemo did show a positive cor-
relation between PD-L1 expression and efficacy.39–42 The 
specific mechanism is worth further exploring.

Because of the huge heterogeneity of different subtypes 
of NSCLC and different responses to immunotherapy, we 
also performed a subgroup analysis according to histology 
types. In non-squamous cohort, the results of OS, PFS, 
and ORR were consistent with the whole population. In 
squamous cohort, IO  +  IO and IO  +  IO  +  Chemo per-
formed better OS than IO + Chemo significantly and they 
displayed same chance to have the highest probability to 
improve OS. Thus dual immunotherapy showed great ad-
vantages in patients with squamous NSCLC. Squamous 
NSCLC may benefit more from the addition of another 
ICIs than adenocarcinoma NSCLC for the higher tumor 

mutation burden (TMB), higher PD-L1 expression, and 
more activated CD8  + T cells in the TME. First of all, it 
was reported that the overall TMB of NSCLC was 8.0 mu-
tations/megabase (Mb) and the TMB of squamous was 
significantly higher than that of adenocarcinoma NSCLC 
(p = 0.024).43 Second, previous studies have shown that 
the frequency of PD-L1 expression in T cells of squamous 
and adenocarcinoma NSCLC was 56.2% and 39.9%, respec-
tively.44,45 What is more, squamous histology was an in-
dependent factor of high expression of PD-L1.46–48 Third, 
Kinoshita et al.49 confirmed that insufficient activation of 
infiltrating CD8+ T cells and enrichment of Foxp3+ Tregs 
caused the immunosuppressive TME in non-smokers 
with adenocarcinoma, which was the opposite of squa-
mous cell carcinoma.50 The above factors are beneficial to 
immunotherapy.

Although IO  +  IO  +  Chemo appears to be the best 
mode to prolong OS, Pembro + Chemo seemed to bring 
best OS when specific to regimen. The antitumor mech-
anisms of PD-L1 inhibitor (atezolizumab) belonging to 
IO + Chemo mode are not as optimized as that of PD-1 
inhibitor (pembrolizumab). Pembrolizumab, as a PD-1 
inhibitor, can block the binding of PD-1 to its ligands 
(PD-L1 and PD-L2), while PD-L1 inhibitor only inhib-
its the binding of PD-1 to PD-L1 and PD-1/PD-L2 axis 
is not blocked, which may inhibit the activation of T 
cells and induce immune system suppression.51 Notably, 
Jie Wang et al. first proposed the application of “Mirror 
Principle” in meta-analysis and systematically evaluated 
the difference in efficacy and safety between PD-1 inhib-
itors and PD-L1 inhibitors. The results showed that PD-1 
inhibitors had better OS benefit than PD-L1 inhibitors 
(HR = 0.75, 95% CI: 0.65–0.86).52 Therefore, without the 
limitations of other regimens of IO + Chemo mode, the 
superiority of therapeutic effect of Pembro  +  Chemo 
was reflected. In addition, Nivo  +  Beva  +  Chemo and 
Atezo  +  Beva  +  Chemo performed greater advan-
tages in improving PFS and ORR with obvious adverse 
events, which were in line with the results of IO + Anti-
angio + Chemo mode.

As far as we know, this is the most comprehensive 
network meta-analysis analyzing the efficacy and safety 
of immune-based combination therapies in the first-
line treatment for advanced NSCLC patients. Besides, 
our study also included the latest researches relevant 
to first-line treatment of advanced NSCLC, such as 
Carem + Chemo and Nivo + Beva + Chemo. Nevertheless, 
there were some limitations in our study. First, hetero-
geneity among included RCTs may be inevitable, which 
may lead to deviations of results of this study. Second, 
there existed insignificant statistical differences in this 
study and we had to turn to the ranking profiles to spec-
ulate the best treatment modes. Therefore, there was a 
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certain degree of deviations between the results from 
the ranking profiles and the actual situations. Third, due 
to the limited data of subgroup analysis in some trials, 
not all treatment modes were compared in our subgroup 
analysis. Therefore, more head-to-head studies and retro-
spective studies of the real world involving various sub-
groups to compare immune-based combination therapies 
from mode to regimen should be conducted so that clini-
cians can formulate precise therapy.

In short, our research fully displays the strong vitality 
of immune-based combination therapies for advanced 
NSCLC and each mode has its own merits. It is reasonable 
for us to anticipate the powerful boost of immune-based 
combination therapies to bring unprecedented survival 
benefits to patients in the real world.
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